Actinomyces viscosus ATCC 15987 was examined for the presence of cellassociated levan by absorption of myeloma proteins with antilevan activity and direct immunofluorescence. Levan was not detectable on the surface of glucosegrown A. viscosus, but after a brief incubation of these cells with 5% sucrose, they were encapsulated with tenaciously adhering levan. The levan layer constituted between 0.02 and 0.03% of the cell dry weight. In contrast, sucrose-grown A. viscosus cells possessed a low level of cell-associated levan, which was only moderately increased by incubation in sucrose and which partially existed as a loose slime rather than a tenacious capsule.
Actinomyces viscosus has been shown to be a major component of human dental plaque (3, 29) . Several studies have demonstrated the pathogenicity of both human and rodent strains of this organism toward periodontal tissues in experimental animals (12, 14-16, 19, 25, 26) . Analyses of the periodontal tissue of gnotobiotic rats monoassociated with A. viscosus Ny 1 revealed the development of an acute inflammatory phase followed by a delayed hypersensitivity reaction and subsequent plasma cell accumulation (7) . Cell homogenates of A. viscosus have been shown to express chemotactic activity for human polymorphonuclear leukocytes and to induce a polymorphonuclear leukocyte-predominant acute inflammatory response when injected into the footpads of nonimmunized mice (5) . In immunized mice the acute inflammatory response, caused by injection of the cell homogenate, was followed by a mononuclear cell infiltrate (5) . Several studies also have demonstrated the ability of A. viscosus preparations to induce lymphocyte transformation (1, 4, 18, 22) . Thus, it appears that products, components, or metabolites of A. viscosus have the potential to stimulate a variety of immunopathogenic reactions. In the presence of sucrose, A. viscosus synthesizes levan that may also play a role in the virulence of this organism. Although the production of extracellular levan by this organism has been studied by several investigators (11, 17, 20, 21) , the presence of cell-bound or capsular levans has not yet been elucidated. Concentrations of working solutions were based upon dry weight and ketohexose determinations (23) . Acid and enzymatic hydrolysis of this levan preparation, followed by thin-layer and paper chromatography, detected only fructose. Hexose, ketohexose, glucose, reducing sugar, and protein determinations performed on gel chromatography, fractions of both levan, and hydrolyzed levan further confirmed this preparation as a pure fructan (20 The cells were removed by centrifugation, and the cell pellet was either gently washed with 5 ml of cold PBS or 95% ethanol or just drained by inverting the centrifuge tube. In experiments dealing with tenacity of the cell surface levan, each wash consisted of resuspending the cells and vigorously shaking them for 5 min in 5 ml of cold PBS, then centrifuging at 1,000 x g for 10 min at 4°C and discarding the supernatant. The washes were either mild (consisting of one wash) or extensive (consisting of four sequential washes). The various cell preparations or levan were mixed with 1.0 ml of a 1:100 dilution of the UPC 10 ascites fluid and incubated at 4°C for 18 h. The cells were removed by centrifugation, and the supernatant was analyzed for its antilevan titer. Absorption of the antilevan by cell surfaces was measured as a decrease in the hemagglutinating titer of the supernatant fluid.
Fluorescent-antilevan preparation. UPC 10 was used as the antilevan source for the preparation of fluorescent antibody (FA). The mouse ascites fluid (containing the UPC 10) was purified by three precipitations in 35% saturated ammonium sulfate (9) .
The ammonium sulfate-purified ascites fluid fraction was conjugated with fluorescein isothiocyanate (FITC) isomer I (Sigma Chemical Co., lot no. 95C 5020). The globulin mixture was dialyzed for 2 h at room temperature versus a FITC solution that had a ratio of 25 ,tg of FITC per mg of globulin. The conjugation reaction was stopped, and unreacted FITC was removed by placing the dialysis bag in PBS at 4°C. Merthiolate was added to the conjugate to give a final concentration of 0.01%. The conjugate then was kept frozen at -20°C until used.
A. viscosus to be stained with the fluorescein conjugate were grown in the three previously described media. Cells were either taken directly from the TSB broth or removed by centrifugation and washed three times in PBS. Cells were incubated with sucrose either by placing 1 drop of 5% sucrose in 0.05 M sodium acetate buffer (pH 6.0) onto a smear for a 30-min incubation at 37°C, or by incubating washed cells in vitro with 5% sucrose in 0.05 M sodium acetate (pH 6.0) then vigorously washing the cells three times in PBS before the smears were made. Smears were air dried and fixed by submerging the slide in 95% ethanol for 1 min. The slides were drained and allowed to air dry. Several drops of optimally diluted conjugate were applied, and the slides were placed in a moisture chamber and incubated for 30 min at 37°C (13 were washed after the sucrose incubation, absorbed approximately 87% of the antilevan. The PBS-washed, sucrose-grown cells that were incubated with sucrose absorbed less antilevan than did the ethanol-washed cells, and after a postincubation wash with PBS, these cells produced a 50% decrease in titer. The differences between PBS-and ethanol-washed cells suggested that there was a small quantity of levan present on the sucrose-grown cells that was preserved by ethanol washes. The ease of removal of such levan from the cell surface by a PBS wash suggested a very low avidity. Regardless of pretreatment of the TSB with invertase, both glucose-grown cell preparations had identical absorption of antilevan ( Table 1) . The PBS-washed, glucose-grown cells absorbed antilevan only after a sucrose incubation. Thus, cells grown in glucose did not possess levan, but after a 1-h incubation with sucrose, these glucose-grown cells synthesized enough levan to completely bind all of the antilevan added. The avidity of the levan formed after a sucrose incubation by sucrose-grown cells appeared to be less than that formed by glucose-grown cells. The postincubation wash had no noticeable effect on the amount of levan associated with the glucose-grown cells, whereas postincubation washing of sucrose-grown cells removed approximately 25% of the associated levan.
To safeguard against measuring unbound levan from residual culture fluid rather than cell surface-associated levan, more extensive washes were performed on the cells after their incubation with sucrose. If the cell-bound levan was removed by more extensive washing, less antilevan would be absorbed. As shown in Table 2 , no disparity between the antilevan absorption of the mildly and extensively washed cells occurred. Therefore, the cell-associated levan remaining after one wash was quite tenacious and not easily removed by sequential PBS washes. As shown previously ( A. viscosus binding of fluorescent antilevan. Cells grown in TSB supplemented with glucose or in the same medium treated with invertase only absorbed FA after a sucrose in- 10 for absorption studies proved to be a successful method for detection of levan. The passive hemagglutination assay was found to be a sensitive test for the presence of levan because it could detect as little as 0.1 ,ug of levan. Results suggest that such a system has potential for evaluating low levels of levan.
Glucose-grown A. viscosus cells were shown to possess no cell-associated levan by both methods of detection. However, after a 30-min incubation of these cells with 5% sucrose, the cells were encapsulated completely by levan that constituted approximately 0.03% of the cellular dry weight. Sucrose-grown cells were shown to pos- (17, 20, 21) . Pabst (21) 
